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Background-—Evaluation of cardiovascular prognosis in patients with stable coronary heart disease is based on clinical
characteristics and biomarkers indicating dysglycemia, dyslipidemia, renal dysfunction, and possibly cardiac dysfunction.
Inflammation plays a key role in atherosclerosis, but the association between inflammatory biomarkers and clinical outcomes is
less studied in this population.

Methods and Results-—Overall, 15 828 patients with coronary heart disease in the STABILITY (Stabilization of Atherosclerotic Plaque
byInitiationofDarapladibTherapy) trialwererandomizedtotreatmentwithdarapladiborplaceboandobservedforamedianof3.7 years.
In14 611patients, levels of interleukin-6 (IL-6) andhigh-sensitivity C-reactive proteinweremeasured in plasmasamples:median levels
were2.1 (interquartile range,1.4–3.2)ng/Land1.3 (interquartile range,0.6–3.1)mg/L, respectively.Associationsbetweencontinuous
levels or quartile groups and adjudicated outcomeswere evaluated by spline graphs andCox regression adjusted for clinical factors and
cardiovascular biomarkers. IL-6 was associatedwith increased risk ofmajor adverse cardiovascular events (quartile 4 versus quartile 1
hazard ratio [HR], 1.60; 95% confidence interval [CI], 1.30–1.97; P<0.0001); cardiovascular death (HR, 2.15; 95% CI, 1.53–3.04;
P<0.0001); myocardial infarction (HR, 1.53; 95% CI, 1.14–2.04; P<0.05); all-cause mortality (HR, 2.11; 95% CI, 1.62–2.76; P<0.0001);
and risk of hospitalization for heart failure (HR, 2.28; 95%CI, 1.34–3.89;P<0.001).Cancer deathwasdoubled in thehighest IL-6 quartile
group (HR, 2.34; 95% CI, 1.20–4.53; P<0.05). High-sensitivity C-reactive protein was associated with both cardiovascular and non-
cardiovascular events in the unadjusted model, but these did not remain after multivariable adjustments.

Conclusions-—IL-6, an upstream inflammatory marker, was independently associated with the risk of major adverse cardiovascular
events, cardiovascular and all-cause mortality, myocardial infarction, heart failure, and cancer mortality in patients with stable
coronary heart disease. IL-6 might reflect a pathophysiological process involved in the development of these events.
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I nflammation plays a key role in the initiation and
progression of atherosclerotic disease.1 Interleukin-6 (IL-

6) is considered an upstream inflammatory cytokine that plays
a central role as a mediator propagating the inflammatory
response and is essential to the initiation and progression of
the atherosclerotic process.2 Upstream IL-6 leads to the
hepatic production of downstream acute-phase reactant C-
reactive protein (CRP). Several inflammatory biomarkers, such
as IL-6, have been associated with and predicted the risk of
future cardiovascular events,3 supporting the inflammation
hypothesis. The association between these markers, including
the proximal mediator IL-6 and high-sensitivity CRP (hs-CRP),
and different events has been demonstrated in both healthy
individuals4,5 and patients with acute coronary syndrome.6

Assessment of the risk of events among patients with stable
coronary heart disease (CHD) is mainly based on clinical
characteristics and biomarkers indicating dysglycemia, dys-
lipidemia, renal dysfunction, and possibly inflammatory
biomarkers, such as white blood cell (WBC) counts.7 WBC
count, in previous studies, has been associated with
cardiovascular mortality.8 The extent to which IL-6 and hs-
CRP are associated with cardiovascular or non-cardiovascular
events in this population is less well known.9

The STABILITY (Stabilization of Atherosclerotic Plaque by
Initiation of Darapladib Therapy) trial was a large global study
that randomized 15 828 patients with stable chronic coronary
artery disease to evaluate the efficacy and safety of
darapladib, 160 mg (an inhibitor of lipoprotein-associated
phospholipase A2 [Lp-PLA2]), or placebo, added to optimal
standard of care. The median follow-up was 3.7 years. The
results have been presented previously.10

The aim of this substudy was to assess the independent
association between the levels of biomarkers of inflammation,
hs-CRP and IL-6, to the risk of cardiovascular death, myocardial
infarction (MI), stroke,hospitalization for heart failure, or cancer.

Methods

Study Design
The study design has been previously presented.11 The
study was approved by national regulatory authorities and
by local ethics committees or institutional review boards,
according to local regulations, and all patients gave
informed consent. In summary, patients with stable CHD,
defined as prior MI, prior coronary revascularization, or
multivessel CHD confirmed by coronary angiography, were
eligible. In addition, patients had to meet at least 1 of the
following cardiovascular risk criteria: aged ≥60 years,
diabetes mellitus requiring pharmacotherapy, high-density
lipoprotein cholesterol level <1.03 mmol/L, current or
previous smoker (defined as ≥5 cigarettes per day on
average), significant renal dysfunction (estimated glomerular
filtration rate ≥30 and <60 mL/min per 1.73 m2 or urine
albumin/creatinine ratio ≥30 mg albumin/g creatinine), or
polyvascular disease (CHD and cerebrovascular disease or
CHD and peripheral arterial disease). The primary end point
of major adverse coronary events (MACEs) was the
composite of cardiovascular death, MI, or stroke. One of
the secondary end points was major coronary events
consisting of CHD death, MI, and urgent coronary revas-
cularization for myocardial ischemia. A blinded clinical
events committee adjudicated all selected efficacy end
points, using prespecified criteria. The event definitions and
main results of the study have been presented elsewhere.10

Biochemical Methods
Venous blood samples were obtained at randomization
before the start of study drug treatment. All tubes, EDTA
for hs-CRP and citrate for IL-6, were centrifuged within
30 minutes at 2000g for 10 minutes in room temperature
and then frozen at �20°C or colder. Long-term storage was
at �70°C or colder. Levels of IL-6 and hs-CRP were
measured in 14 611 and in 14 406 patients, respectively.
Data on WBC counts were available in 15 272 individuals.
Plasma concentrations of high sensitive IL-6 were analyzed
using an ELISA technique. Plasma concentrations of hs-CRP
were analyzed using a particle-enhanced immunonephelom-
etry assay, CardioPhase hs-CRP. The levels of high-
sensitivity cardiac troponin-T, NT-proBNP (N-terminal pro
B-type natriuretic peptide), growth differentiation factor 15
(precommercial assay), and cystatin C were determined in
EDTA plasma by electrochemiluminescence immunoassays,
using a Cobas Analytics e601, performed at the Uppsala
Clinical Research Center Laboratory at Uppsala University
(Uppsala, Sweden). Lp-PLA2 activity was measured in an
automated enzyme assay system (PLAC Test for Lp-PLA2
Activity).

Clinical Perspective

What Is New?

• This study demonstrates that interleukin-6 (IL-6), an
upstream inflammatory marker, was independently associ-
ated with the risk of major coronary events, cardiovascular
and all-cause mortality, myocardial infarction, heart failure,
and cancer mortality in patients with stable coronary heart
disease, which indicates a potential pathophysiological
association.

What Are the Clinical Implications?

• Because IL-6 is strongly associated with clinical events, anti-
inflammatory drugs targeting IL-6 may be a potential future
target for the treatment of stable coronary heart disease.
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Statistical Analysis
All outcomes were analyzed with IL-6, hs-CRP, and WBC
count, as both categorical variables based on quartile groups
and continuous predictors. For the analyses based on quartile
groups, several adjusted Cox proportional hazard models
(models 1–3 shown below) were used. The hazard ratio (HR)
and 95% confidence interval (CI) were calculated, using the
group with the lowest biomarker levels as reference. Kaplan-
Meier estimates of the cumulative risk to first occurrence of
an event were calculated and plotted by biomarker quartile
groups. For the analysis based on continuous IL-6 and hs-CRP,
a Cox proportional hazards model was used, with the
continuous biomarker as a restricted cubic spline. All analyses
were performed using observed cases without imputation of
missing data.

Multivariable models were performed in 4 steps. A basic
model included the biomarker under consideration and
randomized treatment. The first model (model 1) added clinical
background characteristics (age, sex, race group, diabetes
mellitus, hypertension, blood pressure, smoking, body mass
index, renal function, prior MI, prior percutaneous coronary
intervention or coronary artery bypass graft surgery, multives-
sel coronary artery disease, and polyvascular disease). The
second model (model 2) added standard biomarkers, such as

hemoglobin, estimated glomerular filtration rate (according to
the Chronic Kidney Disease Epidemiology Collaboration), low-
density lipoprotein cholesterol, high-density lipoprotein choles-
terol, and triglycerides to the previous model. Last, in the third
fully adjusted model (model 3), we added the following other
biomarkers of prognostic importance: high-sensitivity cardiac
troponin-T, NT-proBNP, cystatin-C, hs-CRP, IL-6, WBC counts,
growth differentiation factor 15, and Lp-PLA2. When analyzing 1
inflammatory marker (IL-6, hs-CRP, or WBC count), the other 2
were entered into the model.

Results

IL-6 and CRP Levels
The median IL-6 level was 2.1 ng/L. The baseline character-
istics by quartile groups of IL-6 are shown in Table 1. Most
clinical factors were associated with higher IL-6 levels, such
as age, region, white race, body mass index, smoking,
hypertension, renal dysfunction, multivessel disease, and
polyvascular disease (Table 2). The strongest independently
associated variables of increased IL-6 levels were region and
smoking (Table 2).

The median level of hs-CRP was 1.3 mg/L. Patient
characteristics at baseline by quartile groups of hs-CRP are

Table 2. Multivariate Analyses of Factors Associated With IL-6 and hs-CRP Levels

Background Characteristic

IL-6 hs-CRP

Relative Increase 95% CI P Value Relative Increase 95% CI P Value

Female vs male 1.02 0.97–1.07 0.5023 1.21 1.15–1.27 <0.0001

Eastern Europe vs North America 0.98 0.93–1.03 0.4229 1.17 1.12–1.24 <0.0001

Western Europe vs North America 0.97 0.92–1.02 0.2385 1.09 1.03–1.14 0.0017

South America vs North America 1.27 1.15–1.40 <0.0001 1.20 1.10– 1.31 <0.0001

Asia/Pacific vs North America 0.93 0.88–0.99 0.0135 0.81 0.76–0.86 <0.0001

Diagnosis of hypertension 1.02 0.98–1.06 0.3776 1.06 1.02–1.11 0.0061

Previous MI 1.03 0.99–1.07 0.1968 1.01 0.97–1.06 0.4928

Previous PCI or CABG surgery 0.99 0.95–1.04 0.7455 0.95 0.91–1.00 0.0331

Multivessel CHD 1.09 1.03–1.15 0.0020 1.09 1.04–1.15 0.0013

Diabetes mellitus 1.03 0.99–1.07 0.2044 1.01 0.97–1.05 0.6371

Former smoker vs never smoked 1.07 1.03–1.12 0.0014 1.12 1.08–1.17 <0.0001

Current smoker vs never smoked 1.23 1.16–1.31 <0.0001 1.46 1.38–1.55 <0.0001

Polyvascular disease 1.14 1.08–1.20 <0.0001 1.23 1.17–1.30 <0.0001

Significant renal dysfunction 1.17 1.13–1.22 <0.0001 1.25 1.20–1.30 <0.0001

Age, 10-y increase 1.09 1.07–1.12 <0.0001 0.99 0.97–1.01 0.4672

BMI, 1-U increase 1.02 1.02–1.02 <0.0001 1.05 1.04–1.05 <0.0001

Multivariable adjustments for randomized treatment, age, systolic blood pressure, BMI, sex, history of hypertension, geographic region for final reporting, prior MI, prior coronary
revascularization (PCI or CABG surgery), prior multivessel CHD, baseline diabetes mellitus, smoking, polyvascular disease, and significant renal dysfunction (model 1). BMI indicates body
mass index; CABG, coronary artery bypass graft; CHD, coronary heart disease; CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; MI, myocardial
infarction; and PCI, percutaneous coronary intervention.
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A

B

Figure 1. A, Kaplan-Meier curves for major adverse cardiovascular event (MACE) by
interleukin-6 quartile (Q) groups. B, Kaplan-Meier curves for MACE by high-sensitivity
C-reactive protein (hs-CRP) Q groups.

DOI: 10.1161/JAHA.116.005077 Journal of the American Heart Association 5

Inflammation and Stable Coronary Heart Disease Held et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



shown in Table 1. Higher levels of hs-CRP were associated
with female sex, body mass index, region, white race,
smoking, hypertension, renal dysfunction, polyvascular dis-
ease, and multivessel coronary disease (Table 2). High hs-CRP

was also associated with higher levels of low-density lipopro-
tein cholesterol, triglycerides, and WBC count; lower levels of
high-density lipoprotein cholesterol; and more frequent use of
secondary prevention drugs, such as b blockers and

A

B

Figure 2. A, Spline plots for major adverse cardiovascular event (MACE), cardiovascular (CV) death,
myocardial infarction (MI), heart failure, and stroke by quartile (Q) groups of interleukin-6 (IL-6). B, Spline
plots for MACE, CV death, MI, heart failure, and stroke by Q groups of high-sensitivity C-reactive protein (hs-
CRP).
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angiotensin-converting enzyme inhibitors, but less use of
aspirin and statins (data not shown). The strongest indepen-
dently associated variables of increased hs-CRP levels were
smoking, renal dysfunction, and female sex (Table 2).

IL-6 Levels and Outcomes
The unadjusted association between quartile groups of IL-6
and risk of MACE is presented as Kaplan-Meier (KM) plots in
Figure 1A, showing a graded increase in risk in the higher
quartile groups. Figure 2A illustrates restricted cubic spline
plots for continuous levels of IL-6 and risk of MACE,
cardiovascular death, and hospitalization for heart failure.
With IL-6 levels >1.5 ng/L, the risk of cardiovascular death
and MACE started to increase to an almost 4-fold difference
among those with the highest values. The C-indexes for the
risk of individual clinical outcomes, when adding IL-6 (to
model 1), are shown in Table 3. There is an average increase
in C-index of 2% to 3%, such as a C-index change from 0.636
(95% CI, 0.620–0.652) to 0.654 (95% CI, 0.639–0.669) for the
risk of MACE and from 0.764 (95% CI, 0.738–0.789) to 0.793
(95% CI, 0.768–0.817) for heart failure. Figure 3A through 3C
illustrate the Forest plots, with the HR for the lowest quartile
group as reference, with different adjustment levels. In the
fully adjusted model (Figure 3C), which also included standard
biomarkers (hs-CRP, growth differentiation factor 15, and Lp-
PLA2 activity), the HRs for the risk of various end points are

shown. The HR for MACE in the highest quartile group
compared with the lowest was 1.59 (95% CI, 1.29–1.97;
P<0.0001) and the corresponding HR for cardiovascular death
was 2.16 (95% CI, 1.52–3.06; P<0.0001). High IL-6 levels
were also associated with the risk of MI (HR, 1.55; 95% CI,
1.16–2.09; P<0.05) and all-cause mortality (HR, 2.04; 95% CI,
1.56–2.68; P<0.0001). In addition, IL-6 was predictive of the
risk of hospitalization for HF, with an HR of 2.37 (95% CI,
1.34–4.18; P<0.001). Of interest, the risks of non-cardiovas-
cular death and specifically cancer deaths were more than
doubled in the highest quartile. There was no statistically
significant association between IL-6 and risk of stroke.

hs-CRP Level and Outcomes
The unadjusted association between quartile groups of hs-
CRP and risk of MACE is presented as KM plots in Figure 1B,
showing a graded increase in risk with higher quartile groups.

In Figure 2B, restricted cubic spline plots (unadjusted) for
continuous levels of CRP and the risk of MACE, cardiovascular
death, MI, and stroke are depicted. The steepest curves were
seen for MACE, mainly driven by an increased risk for
cardiovascular death.

In the unadjusted analysis, Forest plots on cardiovascular
outcomes by quartile groups of baseline hs-CRP (quartile 4
versus quartile 1) were gradually associated with increased risk
of MACE (HR, 1.89; 95% CI, 1.61–2.22; P<0.0001), cardiovas-
cular death (HR, 2.16; 95% CI, 1.70–2.75; P<0.0001), stroke
(HR, 1.76; 95% CI, 1.21–2.55; P<0.05), hospitalization for heart
failure (HR, 3.51; 95% CI, 2.4–5.09; P<0.0001), non-cardiovas-
cular mortality (HR, 2.46; 95% CI, 2.03–2.98; P<0.0001), and
cancer deaths (HR, 3.01; 95% CI, 1.79–5.08; P<0.0001) over
time, with increasing levels in upper hs-CRP quartiles (Fig-
ure 4A). However, the associations were slightly attenuated in
model 2 (Figure 4B) and in the fully adjusted model 3. As
indicated in Figure 4C, these associations were strongly
completely attenuated and hs-CRP was no longer significantly
associated with any of the cardiovascular (MACE [HR, 0.95; 95%
CI, 0.78–1.17; P=0.84] or cardiovascular death [HR, 0.77; 95%
CI, 0.57–1.04; P=0.40]) or non-cardiovascular (cancer death
[HR, 1.58; 95% CI, 0.85–2.93; P=0.47]) outcomes.

WBC Count
Similar analyses as above were performed with WBC counts,
both unadjusted and after multivariable adjustments. Tables
S1 and S2 show baseline demographics and predictors of
levels of WBC count. WBC counts were most strongly
associated with smoking, region, and polyvascular disease
(Table S2). WBC counts were associated with increased rate
of MACE by increasing quartile groups (Figure S1) and were
seen as a continuous variable in spline plots for the separate

Table 3. C-Indexes for Adding IL-6 by Categories and Various
Clinical Outcomes

Outcome Model C-Index (95% CI)

MACE Model 1 0.636 (0.620–0.652)

Model 1+IL-6 0.654 (0.639–0.669)

MCE Model 1 0.624 (0.608–0.640)

Model 1+IL-6 0.639 (0.623–0.655)

Cardiovascular death Model 1 0.731 (0.710–0.753)

Model 1+IL-6 0.755 (0.735–0.775)

MI Model 1 0.632 (0.610–0.654)

Model 1+IL-6 0.641 (0.618–0.663)

Stroke Model 1 0.649 (0.614–0.684)

Model 1+IL-6 0.657 (0.622–0.692)

Heart failure Model 1 0.764 (0.738–0.789)

Model 1+IL-6 0.793 (0.768–0.817)

Total death Model 1 0.711 (0.694–0.728)

Model 1+IL-6 0.739 (0.723–0.755)

Cancer death Model 1 0.708 (0.668–0.747)

Model 1+IL-6 0.742 (0.704–0.780)

CI indicates confidence interval; IL-6, interleukin-6; MACE, major adverse cardiovascular
event; MCE, major coronary event; MI, myocardial infarction.
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end points (Figure S2). WBC counts were associated with the
risk of MACE (HR, 1.34; 95% CI, 1.12–1.60; P<0.05), major
coronary events (HR, 1.28; 95% CI, 1.07–1.53; P<0.05),
cardiovascular death (HR, 1.49; 95% CI, 1.13–1.96; P<0.05),
and all-cause mortality (HR, 1.42; 95% CI, 1.15–1.75; P<0.05)
in the fully adjusted model (quartile 4 versus quartile 1)
(Figure S3). No significant associations to the individual
events MI, stroke, or non-cardiovascular deaths were
observed.

Discussion
The role of inflammation as a mechanism involved in the
development of CHD is well established, although the
importance of the many different pathways is more poorly
understood.1 We have, in the present study, evaluated the

independent prognostic associations between 3 of the most
important systemic inflammatory markers (IL-6, hs-CRP, and
WBC count) and the risk of cardiovascular and non-
cardiovascular outcomes in a large prospective study of
patients with stable CHD. The main findings were that IL-6
was strongly associated with the risk of MACE, MI,
cardiovascular death, total death, and hospitalization for
heart failure after multivariable adjustments for conventional
risk factors and standard and specific biomarkers, including
CRP, growth differentiation factor 15, and Lp-PLA2 activity.
This was corroborated by a higher C-index when adding IL-6 to
the model. hs-CRP was significantly associated with the risk
of MACE, cardiovascular death, and hospitalization for heart
failure only in unadjusted models, which were no longer
significant after adjusting for clinical variables and biomark-
ers. Finally, WBC count remained associated with MACE,

Figure 3. A, The impact of interleukin-6 (IL-6) by baseline quartile (Q) groups on outcome (unadjusted analyses). B,
The impact of IL-6 by baseline Q groups on outcome. Adjustments were made for randomized treatment, age, systolic
blood pressure (BP), body mass index (BMI), sex, history of hypertension, geographic region for final reporting, prior
myocardial infarction (MI), prior coronary revascularization (percutaneous coronary intervention [PCI] or coronary artery
bypass graft [CABG] surgery), prior multivessel coronary heart disease (CHD), baseline diabetes mellitus, smoking,
polyvascular disease, and significant renal dysfunction. C, The impact of IL-6 by Q groups at baseline on outcome.
Adjustments were made for all variables in model B + hemoglobin, white blood cell count, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol, triglycerides, estimated glomerular filtration rate (according to the
Chronic Kidney Disease Epidemiology Collaboration), high-sensitivity cardiac troponin-T, NT-proBNP (Nterminal pro B-
type natriuretic peptide), high-sensitivity C-reactive protein, cystatin C, growth differentiation factor 15, and lipoprotein-
associated phospholipase A2 activity. CI indicates confidence interval; CV, cardiovascular; HR, hazard ratio; MACE,
major adverse cardiovascular event; and MCE, major coronary event.
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cardiovascular death, and major coronary events after
multivariable adjustments.

These findings underline the importance of inflammation as
an important mechanistic pathway for the risk of future

clinical outcomes. Also, there is a potential for developing
new treatments targeting inflammation.

We found an interesting positive association between IL-6
and the risk of MI. This has been shown previously in a large

B

C

Figure 3. Continued.
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study in stable patients with a previous MI or unstable
angina.8 In a recent meta-analysis on healthy individuals, IL-6
was associated with an adjusted HR of 1.25 (95% CI, 1.19–
1.32) for the risk of MI.3 In a previous smaller study on
patients with unstable angina after percutaneous coronary
intervention, IL-6, but not hs-CRP, was associated with
recurrent MI.12 Our results, thus, extend the prognostic
importance of IL-6 in healthy individuals, patients with atrial
fibrillation,13 patients with acute coronary syndromes or
patients after cardiac arrest,14 and those with stable CHD.
The results show the association with cardiovascular events,
which, to our knowledge, is the largest prospective study on
this population. Interestingly, in a recent small study on
patients with CHD, IL-6 (compared with CRP) was more
strongly associated with presence of thin-cap fibroatheroma.

The fibroatheroma was detected by optical coherence
tomography during percutaneous coronary intervention,15

showing a potential mechanistic link to rupture-prone
plaques. Of interest, the risk of hospitalization for heart
failure was significantly increased among patients with the
highest IL-6 levels, a finding that, to our awareness, has not
been shown previously in a population with stable CHD. IL-6
has predicted poor prognosis as a single risk marker or, as in
a recent study on multimarker models,16 among patients with
established heart failure. There are mechanistic hypotheses
on how IL-6 could cause cardiovascular death and hospital-
ization for heart failure. Short-term IL-6 elevations may be a
protective response to an acute MI, whereas heart failure
leads to long-term IL-6 production, which may have a negative
causal role.17

Figure 4. A, The impact of high-sensitivity C-reactive protein (hs-CRP) by baseline quartile (Q) groups on outcome
(unadjusted analyses). B, The impact of hs-CRP by baseline Q groups on outcome. Adjustments were made for
randomized treatment, age, systolic blood pressure (BP), body mass index (BMI), sex, history of hypertension,
geographic region for final reporting, prior myocardial infarction (MI), prior coronary revascularization (percutaneous
coronary intervention [PCI] or coronary artery bypass graft [CABG] surgery), prior multivessel coronary heart disease
(CHD), baseline diabetes mellitus, smoking, polyvascular disease, and significant renal dysfunction. C, The impact of
hs-CRP by baseline Q groups on outcome. Adjustments were made for all variables in model B + hemoglobin, white
blood cell count, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, estimated
glomerular filtration rate (according to the Chronic Kidney Disease Epidemiology Collaboration), high-sensitivity
cardiac troponin-T, NT-proBNP (N-terminal pro B-type natriuretic peptide), interleukin-6, cystatin C, growth
differentiation factor 15, and lipoprotein-associated phospholipase A2 activity. CI indicates confidence interval; CV,
cardiovascular; HR, hazard ratio; MACE, major adverse cardiovascular event; and MCE, major coronary event.
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Of interest, IL-6 was not only associated with the risk of
cardiovascular events (MACE, MI, and cardiovascular death)
but also with all-cause mortality and death from cancer. The

explanations for these associations are not clearly under-
stood. The associations to these parameters and to hospital-
ization for heart failure were stronger than those to major

B

C

Figure 4. Continued.
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coronary events and MI, suggesting that inflammation is
related to more diverse determinants of health than
atherosclerosis alone. Chronic diseases, such as cancer or
rheumatic diseases, may lead to long-term signaling of IL-6
that may be deleterious.17 No associations to stroke were
found, which is consistent with other studies.

Three important markers of inflammation were compared
in this analysis; IL-6 seemed to completely blunt the
predictive power of CRP, whereas WBC count remained an
intermediate strong predictor. IL-6, an upstream inflammatory
marker, is considered to orchestrate the inflammatory
response in atherosclerosis.2,18 The IL-6 effects may be
mediated by downstream inflammatory proteins, such as CRP.
There is still a debate about the role of CRP and whether it is
directly involved in the atherosclerotic process or more simply
a marker of risk. CRP has been suggested to increase
synthesis of matrix metalloproteinases, thereby increasing
collagen degradation and activation of the complement
system.19 The other biomarkers, troponin T and NT-proBNP,
also seemed to strongly attenuate the association of hs-CRP
to cardiovascular outcome. This highlights the importance of
other biomarkers, reflecting other physiologic mechanisms
that seem to attenuate the association between CRP and
prognosis.

The observed independent associations between IL-6 and
cardiovascular outcomes cannot be interpreted as if these
relationships are causal, although there are indications in this
direction. The presence of a polymorphism in the IL-6
receptor was associated with a graded decrease in CRP and
fibrinogen and possibly with lowering the risk of coronary
artery disease in 1 study.20 This may be supported by a
previous prospective study of patients with chronic kidney
disease in whom the functional polymorphism 2174 G/C in
the promoter of the IL-6 gene was associated with history of
cardiovascular disease and predicted the risk for future
cardiovascular events.21

Causality remains to be evaluated in interventional studies.
There are a few studies evaluating IL-6 receptor inhibitors, a
potential treatment target, of which 1 drug is tocilizumab,
which was tested in patients with rheumatoid arthritis.
However, there were significant safety concerns with eleva-
tions of both low-density lipoprotein cholesterol and total
cholesterol levels22; IL-6 blockers are not suitable for
prevention of atherosclerosis. Other anti-inflammatory drugs,
like canakinumab, are being tested in patients at high risk
after MI.23 Similar polymorphisms for CRP, known to affect
the levels of CRP, have been studied using mendelian
randomization. However, these were not shown to be
associated with an increased risk of ischemic heart disease.24

There are strengths and limitations with the current study.
The major strengths are the long-term, large, global, prospec-
tive approach in patients with stable CHD, with complete data

on well-defined and adjudicated events. This provided reliable
results about the clinical outcomes during follow-up. The
study is an observational comparison, based on levels of IL-6,
hs-CRP, and WBC count and outcomes. However, despite
efforts to adjust for baseline differences between the quartile
groups, residual confounding cannot be excluded.

Conclusion
In this long-term prospective study on patients with stable
CHD with optimal medical treatment, the inflammatory
biomarker IL-6, but not CRP, was independently associated
with the risk of cardiovascular death, MACE, MI, hospital-
ization for heart failure, and all-cause mortality. Multivariable
adjustments for clinical parameters and cardiac, renal, and
other inflammatory biomarkers were made. Also, WBC count
carried independent prognostic information on the risk of
cardiovascular events. These findings underline the impor-
tance of inflammatory activity as an important pathway for
future cardiovascular fatal and nonfatal events and for non-
cardiovascular mortality in patients with stable CHD.
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Table S1. Summary of demographic and baseline characteristics by baseline quartile groups of WBC*
 

 

 

 
   WBC*

   

 <5.5 

x 109/L 

N=3580 

5.5-6.6 

x 109/L 

N=4036 

6.6-7.8 

x 109/L 

N=3722 

>7.8 

x 109/L 

N=3934 

 

 

p-value 

Age at randomization, years 66.1 (8.6) 65.2 (9.0) 64.2 (9.3) 62.2 (9.9) <0.0001 

Males 2864 (80.0) 3343 (82.8) 3061 (82.2) 3170 (80.6) 
 

Race 
    

<0.0001 

White 2727 (76.2) 3199 (79.3) 2970 (79.8) 3076 (78.2) 
 

Black 119 (3.3) 86 (2.1) 70 (1.9) 81 (2.1) 
 

Central/South/South East Asian 160 (4.5) 249 (6.2) 290 (7.8) 440 (11.2) 
 

East Asian/Japanese 486 (13.6) 415 (10.3) 305 (8.2) 266 (6.8) 
 

Other 88 (2.5) 87 (2.2) 87 (2.3) 71 (1.8) 
 

Geographic region 
    

<0.0001 

Asia/Pacific 739 (20.6) 781 (19.4) 683 (18.4) 768 (19.5)  

Eastern Europe 604 (16.9) 869 (21.5) 903 (24.3) 1019 (25.9) 
 

North America 1162 (32.5) 1084 (26.9) 890 (23.9) 797 (20.3) 
 

South America 241 (6.7) 349 (8.6) 282 (7.6) 288 (7.3) 
 

Western Europe 834 (23.3) 953 (23.6) 964 (25.4) 1062 (27.0) 
 

BMI† kg/m2
 28.4 (4.8) 28.9 (4.9) 29.1 (5.0) 29.4 (5.3) <0.0001 

Weight, kg 82.1 (17.0) 83.8 (17.3) 84.2 (17.4) 84.4 (18.3) <0.0001 

Current smoker (%) 329 (9.2) 476 (11.8) 718 (19.3) 1231 (31.3) <0.0001 

Hypertension (%) 2555 (28.6) 2904 (72.0) 2695 (72.4) 2797 (71.1) <0.0001 

Diabetes mellitus (%) 1171 (32.7) 1532 (38.0) 1490 (40.0) 1800 (45.8) <0.0001 

Renal dysfunction (%) 985 (27.5) 1173 (29.1) 1177 (31.6) 1307 (33.2) <0.0001 

Prior MI‡ (%) 1929 (53.9) 2322 (57.5) 2223 (59.7) 2492 (63.3) <0.0001 

Multivessel CHD§ (%) 511 (14.3) 605 (15.0) 564 (15.2) 627 (15.9) 
 



 

 

 
 

Polyvascular disease (%) 446 (12.5) 560 (13.9) 578 (15.5) 701 (17.8) 

Prior PCI||/CABG# (%) 2820 (78.8) 3101 (76.8) 2741 (73.6) 2813 (71.5) 

Systolic BP**, mm Hg 131.7 (16.1) 132.0 (16.5) 131.9 (16.7) 130.6 (16.8) 

Diastolic BP**, mm Hg 78.2 (10.3) 78.8 (10.4) 78.9 (10.5) 78.8 (10.3) 

hs-CRP††, mg/l 1.9 (3.3) 2.2 (4.2) 3.0 (5.7) 4.8 (10.0) 

hsTroponin T‡‡, ng/l 11.3 (9.6) 12.4 (18.3) 12.3 (14.0) 13.7 (23.1) 

NT-proBNP§§, ng/L 304 (474) 344 (655) 383 (897) 441 (1000) 

Cystatin C, mg/L 1.0 (0.3) 1.0 (4.2) 3.0 (5.7) 4.8 (10.0) 

GDF-15||||, ng/L 1470 (1121) 1506 (1036) 1579 (1179) 1714 (1243) 

Lp-PLA2 
##activity, μmol/min/L 171 (47) 175 (49) 179 (49) 179 (48) 

Values are mean ± standard deviation (SD) unless otherwise stated 

*P-value from Chi-square or Kruskal-Wallis test 
*white blood cell count, †body mass index, ‡myocardial infarction, §chronic heart disease, ||percutaneous coronary 

intervention, #coronary artery bypass graft surgery, **blood pressure, ††high-sensitivity C-reactive protein, ‡‡high- 

sensitivity troponin-T, §§N-terminal pro B-type natriuretic peptide, ||||growth differentiation factor 15, 
##lipoprotein-associated phospholipase A2 



 

 

 

Table S2. Multivariate analyses of factors associated with WBC*
 

 
Background characteristic Relative increase 95% C.I.† P-value 

Female vs. Male 1.01 (1.00-1.02) 0.0872 

Eastern Europe vs. North America 1.08 (1.06-1.09) <0.0001 

Western Europe vs. North America 1.07 (1.06-1.09) <0.0001 

South America vs. North America 1.06 (1.04-1.08) <0.0001 

Asia/Pacific vs. North America 1.07 (1.05-1.08) <0.0001 

Diagnosis of hypertension 1.00 (0.99-1.01) 0.4673 

Previous MI‡
 1.01 (1.01-1.02) 0.0013 

Previous PCI§ or CABG||
 0.98 (0.97-0.99) <0.0001 

Multivessel CHD**
 1.01 (1.00-1.02) 0.1226 

Diabetes mellitus 1.05 (1.04-1.06) <0.0001 

Former smoker vs. never smoked 1.04 (1.03-1.05) <0.0001 

Current smoker vs. never smoked 1.17 (1.16-1.19) <0.0001 

Polyvascular disease 1.04 (1.03-1.06) <0.0001 

Age, 10 year increase 0.98 (0.97-0.98) <0.0001 

BMI††, 1 kg/m2 increase 1.00 (1.00-1.00) 0.3173 

Systolic BP‡‡, 10 mmHg increase 1.00 (0.99-1.00) 0.0230 

Multivariable adjustments for randomized treatment, age, systolic BP, BMI, sex, history of hypertension, 

geographic region for final reporting, prior MI, prior coronary revascularization (PCI or CABG), prior 

multivessel CHD, baseline diabetes, smoking, polyvascular disease, significant renal dysfunction (Model 1) 

*white blood cell count, †confidence interval, ‡myocardial infarction, §percutaneous coronary intervention, 
||coronary artery bypass graft surgery, **chronic heart disease, ††body mass index, ‡‡blood pressure 



 

 

 

Figure S1. Kaplan-Meier curves for major adverse cardiovascular event (MACE) by baseline white 

blood cell (WBC) quartile groups (Q) 
 



 

 

 

Figure S2. Spline plots for major adverse cardiovascular event (MACE), cardiovascular (CV) death, 

myocardial infarction (MI), heart failure and stroke by baseline quartile groups of white blood cell 

count (WBC). 

 



 

 

 

Figure S3. The impact of white blood cell count (WBC) on outcomes by baseline quartile groups (Q) 

MACE=major adverse cardiovascular event, MCE=major coronary event, MI=myocardial infarction, 

HR=hazard ratio, CI=confidence interval. 

Adjustment model: Adjustments for randomized treatment, age, systolic BP, BMI, sex, history of 

hypertension, geographic region for final reporting, prior MI, prior coronary revascularization (PCI or 

CABG), prior multivessel CHD, baseline diabetes, smoking, polyvascular disease, significant renal 

dysfunction, HB, WBC, LDL-C, HDL-C, triglycerides, eGFR (according to CKD-EPI), hsTroponin T, 

NT-proBNP, IL-6, Cystatin C, Lp-PLA2 and GDF-15 
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Kimberly O’Malia, Grace Ryan, Patsy Smitheran, Maunette Tait, and Sachin Vyas (CEC Monitors); 

Jessy Frazilus (CEC Assistant) 

GLCC: Olga Bucan and Sarah Douglas (CEC Project Leads); Caroline Alsweiler, Lorinda Ball, Ana 

Bucan, and Laura Mackay (CEC Monitors) 

 

Statisticians Responsible for Final Analysis 

Allison Barnes (GlaxoSmithKline, Research Triangle Park, NC, US) 

Rebekkah Brown (GlaxoSmithKline, Research Triangle Park, NC, US) 

Karen Chiswell (Duke Clinical Research Institute, Durham, NC, US) 

Richard Y Davies (GlaxoSmithKline, King of Prussia, PA, US) 

Amanda Stebbins (Duke Clinical Research Institute, Durham, NC, US) 

Central Laboratory 

Quest Diagnostics Clinical Laboratories, Inc., Valencia, CA, US 

Data Coordination 

Data management: GlaxoSmithKline, R&D Projects Clinical Platforms & Sciences, King of Prussia, 

PA, US 

Registration And Medication Ordering System [RAMOS] interactive voice response system: 

GlaxoSmithKline, R&D Platform Technology & Science, Upper Providence, PA, US 

Web-based Data Capture Vendor: Oracle Health Sciences, Boston, MA, US 

STABILITY Investigators by country 

Listed are investigators recruiting at least 1 patient. Number of patients included is listed in brackets. 

FPI = Former Principal Investigator at site 

Argentina 

Bustamante Labarta, Miguel, Instituto Medico de la Comunidad (IMEC), Buenos Aires (19); 

Cartasegna, Luis R, Hospital Italiano de La Plata, Buenos Aires (6); Chekherdemian, Sergio, 

Complejo Médico de la Policia Federal Argentina Churruca-Visca, Ciudad Autonoma de Buenos 

Aires (16); Cuello, Jose L, Instituto de Investigaciones Clinicas Bahia Blanca, Buenos Aires (42); 

Elías, Pedro, INSARES, Mendoza (22); Giordano, Jorge, Clinica Instituto Medico Adrogue, Buenos 

Aires (23); Hirschson, Alfredo, CENIT- Centro de Neurociencias y Tratamiento- Buenos Aires, 

Buenos Aires (14); Hominal, Miguel Angel, Centro de Investigaciones Clinicas del Litoral S.R.L., 

Santa Fe, Santa Fe (47); Ibañez, Julio O, Instituto de Hipertension y Corazon, Corrientes (21); Jure, 

Horacio O, Clinica Chutro SRL, Córdova (49); Litvak, Marcos, Instituto Medico Especializado, 

Ciudad Autonoma de Buenos Aires (25); Macin, Stella M, Instituto de Cardiologia JF Cabral, 

Corrientes (16); MacKinnon, Ignacio Jorge, Instituto de Investigacion Clinica de Mar del Plata, 

Buenos Aires (56); Maffei, Laura Elena, Consultorios Asociados de Endocrinología (CADE), Buenos 

Aires (43); Montaña, Oscar R, Clinica DIM Privada, Buenos Aires (39); Prado, Aldo D, 

Investigaciones Clinicas Tucuman, Tucuman (18); Sala, Jorgelina M, Gorosito, Vanina (FPI) Instituto 

de Investigaciones Clinicas Rosario, Santa Fe (68); Sanchez, Ramiro A, Fundapres, Ciudad Autonoma 

de Buenos Aires (18). 

Australia 

Brieger, David, Concord Hospital, Concord (6); Chew, Derek, Flinders Medical Centre, Bedford Park 

(9); Cross, David, The Wesley Research Institute, Auchenflower (20); De Looze, Ferdinandus J, Aus 

trials Pvt Ltd, Sherwood (36); Farshid, Ahmad, The Canberra Hospital, Garran (10); Hall, Stephen, 

Emeritus Research, Malvern (17); Krum, Henry, CCRE Clinical Trials Centre, Monash University, 

Caulfield Hospital, Caulfield (22); Lane, Geoff K, Fremantle Hospital, Fremantle (15); Oqueli Flores, 



Ernesto, Stickland, John (FPI), Ballarat Health Service - Ballarat Base Hospital, Ballarat (6); Purnell, 

Peter W, Joondalup Clinical Trials Foundation Inc., Joondalup (55); Szto, Gregory YF, Peninsula 

Heart Centre, Peninsula Private Hospital, Frankston (20); Thompson, Peter L, Sir Charles Gairdner 

Hospital, Nedlands (22); Waites, Jonathan, Coffs Harbour Health Campus, Coffs Harbour (55); 

William, Maged, Gosford Hospital, Gosford (13). 

Belgium 

Beauloye, Christophe, Cliniques Universitaires Saint-Luc, Brussels (28); Boland, Jean, Centre 

Hospitalier Régional de la Citadelle, Liège (10); Charlier, Filip, Imelda Ziekenhuis, Bonheiden (26); 

De Raedt, Herbert JLP, Onze-Lieve-Vrouwziekenhuis Aalst, Aalst (17); Dens, Joseph AY, Ziekenhuis 

Oost-Limburg, Genk (21); Dujardin, Karl, H.-Hartziekenhuis, Roeselare (23); Friart, Alain, Centre 

Hospitalier Universitaire de Tivoli, La Louvière (18); Scheen, André, Centre Hospitalier Universitaire 

de Liège, Liège (14); Schröder, Erwin, CHU Mont-Godinne, Yvoir (5); Sinnaeve, Peter R, 

Universitair Ziekenhuis Gasthuisberg, Leuven (17); Verheye, Stefan, LRAZNA Campus Middelheim, 

Antwerpen (3); Vranckx, Pascal, Jessa Ziekenhuis, Hasselt (20). 

Brazil 

Abrantes, José A M, Santa Casa de Pelotas, Pelotas (23); Albuquerque, Denilson, Campos De Hospital 

Universitário Pedro Ernesto, Rio de Janeiro (24); Ardito, Wilma Roberta, Instituto de Moléstias 

Cardiovasculares – IMC, São José do Rio Preto (6); Baracioli, Luciano M, Instituto do Coracaodo 

HCFMUSP (INCOR), Sao Paulo (16); Bertolami, Marcelo C, Instituto Dante Pazzanese de 

Cardiologia, São Paulo (32); Bodanese, Luiz C, Hospital São Lucas da PUC-RS, Porto Alegre (19); 

Dos Santos Filho, Raul D, Instituto do Coração - INCOR, São Paulo (2); Maia, Lilia N, Fundação 

Faculdade Regional de Medicina de São José do Rio Preto, São José do Rio Preto (9); Manenti, Euler 

RF, Hospital Mãe de Deus, Instituto de Medicina Vascular, Porto Alegre (29); Marino, Roberto L, 

Madre Teresa - Cardiologia Clinica & Intervencionista, Belo Horizonte (2); Ogawa Indio do Brasil, 

Clarisse K, Instituto Dante Pazzanese de Cardiologia, São Paulo (21); Paiva, Maria Sanali de Oliveira, 

Natal Hospital Center, Natal (59); Rabelo, Alves Junior, Álvaro, Fundação Bahiana de Cardiologia, 

Salvador (10); Rassi, Salvador, Hospital das Clínicas da Universidade Federal de Goiás, Goiânia (31); 

Reis, Gilmar, Santa Casa da Misercórdia de Belo Horizonte, Belo Horizonte (45); Rossi, Paulo R F, 

Unicardios - Unidade de Atendimento do Coração S/S, Curitiba (42); Saraiva, José Francisco K, 

Hospital e Maternidade Celso Pierro da PUC Campinas, Campinas (14). 

Bulgaria 

Benov, Haralambi, MHAT Dr. Stefan Cherkezov, Veliko Tarnovo (26); Chompalova, Boryana, 

MHAT Plovdiv, Plovdiv (5); Denchev, Stefan, Cardiology Clinic at MHAT Alexandrovska, Sofia 

(23); Goudev, Assen, Cardiology Clinic at MHAT Tsaritsa Yoanna, Sofia (24); Grigorova, Valentina, 

1st internal ward at 1st MHAT Sofia, Sofia (29); Mihov, Atanas, Internal Department at MHAT Sveta 

Ekaterina, Dimitrovgrad (26); Mincheva, Valentina, Clinic of Cardiology at National Multiprofile 

Transport Hospital Tzar Boris III, Sofia (23); Petrova, Sylvia, Internal Cardiology Department at 

MHAT Ruse, Ruse (20); Staneva, Angelina, Raev, Dimitar (FPI), Clinic of cardiology and intensive 

treatment, Sofia (3); Tisheva, Snezhanka, Cardiology clinic at MHAT "Dr. Georgi Stranski", Pleven 

(43). 

Canada 

Aronson, Ronnie, LMC Endocrinology Centres, Toronto (17); Bedard, Jacques, Recherche Clinique 

London/London Clinical Research, Sherbrooke (25); Bhargava, Rakesh K, Heart Care Research, 

Oshawa (10); Borts, David, Brampton Research Associates, Brampton (48); Constance, Christian, 

Clinique Sante Cardio MC, Montreal (50); Cusson, Jean, Hopital Charles LeMoyne, Greenfield Park 

(12); Davies, Richard F, University of Ottawa Heart Institute, Ottawa (14); Ducas, John, Saint 

Boniface General Hospital, Winnipeg (19); Ferguson, Murdo ER, Colchester Research Group, Truro 

(20); Goldenberg, Ronald M, LMC Endocrinology Centres (Thornhill) Limited, Thornhill (35); 

Grondin, Francois, Clinique de Cardiologie de Levis, Levis (17); Gyenes, Gabor, University of 

Alberta Hospital, Edmonton (10); Halperin, Frank, Kelowna Cardiology Research, Kelowna (13); 

Kornder, Jan, SMH Cardiology Clinical Trials Inc., Surrey (18); Kouz, Simon, Centre de sante et de 

services sociaux de Nord de Lanaudiere, Saint Charles-Borromee (51); Lainesse, Andre Y, Centre 

Investigation Clinique de la Mauricie Inc., Trois Rivieres (23); Leader, Rolland, Leader Medicine 

Professional Corporation, Ajax (20); Leiter, Lawrence A, Saint Michael's Hospital, Toronto (8); Lonn, 

Eva M, Hamilton Health Sciences, Hamilton (35); Milot, Alain, CHUQ Pavillon Saint Francois 



D'Assise, Quebec City (4); Pearce, Murray E, Murray Pearce Medicine Professional Corporation, 

Kitchener (5); Pliamm, Lew, Canadian Phase Onward Inc, Toronto (30); Powell, Calvin N, Dr. Calvin 

Powell Professional Medical Corporation, Bay Roberts (25); Rose, Barry F, Health Sciences Centre, 

St. John's (5); Rupka, Dennis W, Fraser Clinical Trials, Inc., New Westminster (35); Siega, Anthony 

JD, Klinke, Peter W (FPI), Victoria Heart Institute Foundation, Victoria (57); St-Amour, Eric, Q&T 

Research Outaouais Inc., Gatineau (49); Talbot, Paul, Centre de recherche clinique de Quebec Inc., 

Quebec City (45); Tardif, Jean-Claude, Montreal Heart Institute, Montreal (3); Tishler, Steven J, 

Mississauga Clinical Research Centre, Mississauga (29); Title, Lawrence, Queen Elizabeth II Health 

Sciences Center, Halifax (9); Wong, Graham C, Buller, Christopher E (FPI), Diamond Health Care 

Centre, Vancouver (39). 

Chile 

Acevedo Blanco, Monica Andrea, Hospital Clinico Universidad Catolica de Chile, Santiago (14); 

Albornoz Alarcon, Francisco Javier, Hospital Las Higueras, Talcahuano (87); Escobar, Edgardo, 

Hospital San Borja Arriaran, Santiago (12); Florenzano Urzua, Fernando, Hospital Salvador, Santiago 

(17); Pedemonte Villablanca, Oneglio Antonio, Hospital Gustavo Fricke, Viña del Mar (14); Prieto 

Dominguez, Juan Carlos, Hospital Clinico Universidad de Chile, Santiago (28); Sanhueza Cardemil, 

Patricio, Centro de Estudios Clínicos Santiago Oriente, Santiago (10); Varleta Olivares, Paola Elena, 

Hospital Dipreca, Santiago (13). 

China 

Chen, Hong, People's hospital of Peking University, Beijing (30); Chen, Jiyan, Guangdong General 

Hospital, Guangzhou (26); Dong, Yugang, 1st Affiliated Hospital of Sun Yat-Sen University, 

Guangzhou (19); Ge, Junbo, Zhongshan Hospital Affilliated to Fudan University, Shanghai (10); He, 

Ben, Ren Ji Hospital Affiliated to Shanghai Jiao Tong University, Shanghai (5); Huo, Yong, 1st 

Affiliated Hospital of Beijing University, Beijing (19); Li, Weimin, 1st Affiliated Hospital of Harbin 

Medical University, Haerbin (137); Li, Xin-li, Jiangsu Province Hospital, Nanjing (1); Liao, Yuhua, 

Wuhan Union Hospital, Wuhan (23); Wei, Meng, The Sixth Hospital of Shanghai Jiaotong University, 

Shanghai (12); Yan, Xiaowei, Peking Union Medical College Hospital, Beijing (17); Ye, Ping, Beijing 

301 PLA Hospital, Beijing (3); Yuan, Zuyi, 1st Affiliated Hospital, Xian Jiaotong University, Xian 

(36); Zhang, Yun, Shandong University Qi Lu Hospital, Jinan (18); Zhu, Jianhua, 1st Affiliated 

Hospital of Zhejiang University, Hang Zhou (13). 

Czech Republic 

Cermak, Ondrej, Nemocnice Slany, Slany (93); Dedek, Vratislav, Orlickoustecka nemocnice, Usti nad 

Orlici (72); Francek, Lumir, Kromerizska nemocnice, Kromeriz (57); Grunfeldova, Hana, Mestska 

nemocnice Caslav, Caslav (37); Hubac, Jan, Franc, Pavel (FPI), Chrudimska nemocnice, Chrudim 

 (12); Kellnerova, Ivana, Svitavska nemocnice, Svitavy (63); Klimsa, Zdenek, Nemocnice Jihlava as, 

Jihlava (55); Kroupa, Josef, Oblastni nemocnice Kolin, Kolin (35); Kuchar, Ladislav, Vseobecna 

interni ambulance, Milevsko (51); Linhart, Ales, Vseobecna Fakultni Nemocnice - II. interni klinika, 

Praha 2 (64); Malecha, Jan, Ordinace pro choroby srdce, Chomutov (114); Povolny, Jiri, Cardiomed, 

s.r.o., P-P Klinika Kladno, Kladno (9); Velimsky, Tomas, Kardiologicka ambulance, Pisek (55); Volf, 

Roman, Jirka, Vladimir (FPI), Nemocnice Tabor, Tabor (57). 

Denmark 

Bang, Lia, Grande, Peer (FPI), Rigshospitalet Hjerternedicinsk Forskningsenhed, Kobenhavn (36); 

Frost, Lars, Regionshospitalet Silkeborg, Silkeborg (30); Husted, Steen E, Aarhus Sygehus, Aarhus 

(16); Laursen, Rikke V, Nielsen, Tonny (FPI), Sydvestjysk Sygehus Esbjerg, Esbjerg (20). 

Estonia 

Hedman, Anu, East-Tallinn Central Hospital, Tallinn (26); Muda, Piibe, Tartu University Clinic, Tartu 

(21); Planken, Ulle, North Estonia Regional Hospital, Tallinn (30). 

France 

Barnay, Claude, Centre Hospitalier du Pays d'Aix, Aix en Provence cedex 1 (1); Bauters, Christophe, 

Hôpital Cardiologique, Lille Cedex (2); Bayet, Gilles, Clinique Rhône-Durance, Avignon (5); Bonnet, 

Jacques, Hôpital Cardiologique du Haut Lévêque, Pessac (20); Bruckert, Eric, Groupe Hospitalier 

PITIE-Salpetriere, Paris Cedex 13 (14); Cottin, Yves, CHU de Dijon - Complexe du Bocage, Dijon 

cedex (3); Courreges, Jean-Pierre, Centre Hospitalier de Narbonne, Narbonne Cedex (11); Danchin, 

Nicolas, Hôpital Européen Georges Pompidou Pole B, Paris (8); Decoulx, Eric, Centre Hospitalier 

Hôpital Chatilliez, Tourcoing cedex (71); Demarcq, Jean-Michel, Hôpital Victor Provo, Roubaix (5); 



Dubois-Rande, Jean-Luc, Hôpital Henri Mondor, Créteil Cedex (3); Elbaz, Meyer, CHU Hôpital de 

Rangueil, Toulouse Cedex (26); Khalife, Khalifé, CHR De Metz-Thionville-Hospital De Mercy, Metz 

Cedex (24); Krempf, Michel, CHU de Nantes - Hôtel Dieu, Nantes cedex (20); Maupas, Eric, Hôpital 

Privé les Franciscaines, Nimes (5); Ovize, Michel, Groupe Hospitalier Est, Bron Cedex (11); Roul, 

José Gérald, Nouvel Hôpital Civil (NHC), Strasbourg cedex (3); Schiele, François, Bassand, Jean- 

Pierre (FPI), CHU - Hôpital Jean Minjoz, Besançon Cedex (6); Steg, Gabriel, Hôpital Bichat Claude 

Bernard, Paris cedex 18 (8); Vaisse, Bernard, CHU de Marseille - Hôpital de la Timone, Marseille 

cedex 5 (4). 

Germany 

Aigner, Ulrich Michael, Praxis Dr. med. Ulrich Aigner, Sulzbach-Rosenberg (5); Bavendiek, Udo, 

Fischer, Dieter (FPI), Medizinische Hochschule Hannover, Hannover (3); Benedix, Gisela, Dr.med. 

Gisela Benedix, Berlin (5); Boeneke, Hilmar, Dr. med. Hilmar Boeneke, Lienen-Kattenvenne (9); 

Bott, Jochen, Praxis Dr.med. Jochen Bott, Berlin (37); Brado, Bernadett, Praxis Dr. med. Bernadett 

Brado, Heidelberg (8); Buhr, Marianne, Praxis Dr. med. Marianne Buhr, Berlin (2); Butter, Christian, 

Heart Center Brandenburg in Bernau, Bernau (2); Fischer, Steffen, Praxisgemeinschaft Dr.med. 

Steffen Fischer, Leipzig (43); Foerster, Andreas PD, Dr.med Andreas Foerster, Berlin (44); Grad, 

Marc Oliver, Polikum Friedenau MVZ GmbH, Berlin (9); Grosskopf, Josef, Dr.med. Josef Grosskopf, 

Wallerfing (10); Hanefeld, Markolf, GWT-TUD GmbH, Dresden (68); Hoeltz, Susanne, Frick, Horst- 

Michael (FPI), Susanne Hoeltz, Rhaunen (7); Illies, Gabriele, SMO. MD GmbH Zentrum fuer 

Klinische Studien, Magdeburg (88); Jung, Thomas WGE, Praxis Dr. med. Thomas Jung, Deggingen 

(24); Kademann, Barbara, Praxis Dr.med Barbara Kademann, Leipzig (11); Kahrmann, Gert, Bourrat, 

Alexandra (FPI), Horacek, Thomas (FPI), Reusch, Regina (FPI), Dr.med Gerd Kahrmann, Witten (9); 

Klausmann, Gerhard, Studienzentrum Haematologie/Onkologie/Diabetologie, Aschaffenburg (28); 

Klein, Christiane, Gem. Praxis Dr.med Christiane Klein, Kuenzing (14); Koenig, Wolfgang, 

Universitaetsklinikum Ulm/Oberer Eseslsberg, Ulm (4); Krause, Karl Heinz, MedicoKIT Goch Institut 

fuer klinische Arzneimittelpruefungen, Goch (23); Kuesters, Detlev, Praxis Dr.med. Detlev Kuesters, 

Eschweiler (17); Mellwig, Klaus-Peter, Kardiologische Klinik, Bad Oeynhausen (25); Menke, 

Thomas, Praxis Dr. Thomas Menke, Goch (16); Mueller, Steve, Gem. Praxis Dr.med Steve Mueller, 

Gueglingen (24); Neumann, Gerhard, Praxis Dr. med. Gerhard Neumann, Delitzsch (52); Nischik, 

Ruth Medamed GmbH, Leipzg (31); Preusche, Andreas, Praxis Dr.med. Andreas Preusche, 

Schmiedeberg (20); Prohaska, Martin, Dr.med. Martin Prohaska, Muehldorf (4); Regner, Stefan Franz, 

Gem. Praxis Dr.med. Stefan Regner, Mainz (8); Rein, Wilfried, Dr.med. Wilfried Rein, Herford (24); 

Rummel, Reinhard, Dr.med Reinhard Rummel, Berlin (20); Samer, Holger, Praxis Dr.med. Holger 

Samer, Haag (18); Schaefer, Thomas, Praxis Dr. med. Thomas Schaefer, Kelkheim (19); 

Schenkenberger, Isabelle, Isabelle Schenkenberger, Berlin (60); Schmidt, Ekkehard, Dr.med. 

Ekkehard Schmidt, Hamburg (71); Schoen, Norbert, Kardiologisch-angiologiscbe Schwerpunktpraxis, 

Muehldorf (3); Schreckenberg, Andreas, Dr.med. Andreas Schreckenberg, Weyhe-Leeste (15); 

Schulze, Uwe, Wunderlich, Joachim (FPI), Vivantes MVZ Praxis Dr. med. Uwe Schulze, Berlin (21); 

Sohn, Hae-Young, Klauss, Volker (FPI), Universitaetsklinikum Muenchen, Muenchen (3); 

Toursarkissian, Nicole, Praxis Dr. med. Nicole Toursarkissian, Berlin (66); Voigt, Jan-Gerrit, Dr.med. 

Jan-Gerrit Voigt, Dorsten (13); Weber, Dirk, Praxis Dr. med.Dirk Weber, Essen (65); Winkelmann, 

Bernhard R Dr.med, Prof. Dr.med. Bernhard Winkelmann, Hessen (11); Zuechner, Dirk, Dr.med. Dirk 

Zuechner, Berlin (30). 

Greece 

Alexopoulos, Dimitrios, University Hospital of Patras, Patras (13); Anastasiou-Nana, Maria, 

Kremastinos, Dimitrios (FPI), University General Hospital Attikon, Athens (19); Elisaf, Moses, 

University General Hospital of Ioannina, Ioannina (21); Geleris, Parashos, Peripheral General Hospital 

Ippokratio, Thessaloniki (17); Kallikazaros, Ioannis, General Hospital of Athens Ippokratio, Athens 

(2); Kranidis, Athanasios, General Hospital of West Attica "Agia Varvara", Agia Varvara, Athens 

(18); Manolis, Athanasios, General Hospital Asklipieio Voulas, Voula / Athens (15); Mantas, Ioannis, 

General Hospital of Chalkida, Chalkida (34); Olympios, Christoforos, General Hospital of Elefsina 

Thriasio, Magoula (17); Tziakas, Dimitrios, University General Hospital of Alexandroupolis, 

Alexandroupolis (19); Voudris, Vassilis, Onassis Cardiac Surgery Center, Athens (12). 

Hong-Kong 

Lam, Yat Yin Homer, Yip, Wai Kwok Gabriel (FPI), Prince of Wales Hospital, Shatin, New 



Territories (56); Siu, Chung Wah David, Queen Mary Hospital, Hong Kong (61). 

Hungary 

Benczúr, Béla, Jász-Nagykun-Szolnok Megyei Hetényi Géza Kórház-Rendelőintézet, Szolnok (15); 

Hornyik, Andrea, CRU Hungary Kft- II. Rakoczi Ferenc Korhaz, Szikszó (96); László, Zoltán, 

Fovarosi Onkormanyzat Szent Janos Korhzaa es Eszak-budai Egyesitett Korhazai, Budapest (26); 

Papp, András, ClinExpert kft, Kaszásdűlő u. 5., Budapest (14); Papp, Anikó, Területi Kórház, 

Berettyóújfalu (13); Plés, Zsolt, Piros, Annamária (FPI), CEE Research Kft, Sátoraljaújhely (113); 

Szakál, Imre Selye János Kórház, Komárom (16); Túri, Tibor, Sereg, Mátyás (FPI), Fejér Megyei 

Szent György Kórház, Székesfehérvár (67); Vértes, András, Fovarosi Onkormanyzat Egyesitett Szent 

Istvan es Szent Laszlo Korhaz, Budapest (50). 

India 

Abraham, Sunitha, Narayana Hrudayalaya Institute of Medical Sciences, Bangalore (1); Banker, 

Darshan N, Bankers Heart Institute, Vadodara (47); Chandwani, Prakash, Heart & General Hospital, 

Jaipur (25); Gupta, Rajeev, Fortis Escorts Hospital, Jaipur (17); Hiremath, Jagdish, Poona Hospital & 

Research Centre, Pune (33); Jayadev, Santhosh, St John's Medical College Hospital, Bangalore (9); 

Joseph, Stigimon, Menon, Jaideep (FPI), Little Flower Hospital and Research Centre, Angamaly (28); 

Keshavamurth, C, Srinivas, Arun (FPI), Vikram Hospital & Heart Care, Mysore (10); Parikh, Keyur, 

Care Institute of Medical Science, Ahmedabad (113); Pothineni, Ramesh B, Dr. Ramesh Cardiac & 

Multispeciality Hospital Limited, Vijayawada (52); Sathe, Shireesh P, Deenanath Mangeskar Hospital 

& Research Center, Pune (15); Sawhney, Jitendra P, Sir Ganga Ram Hospital, New Delhi (37); Sethi, 

Sumeet, Chandra, Praveen Kumar (FPI), Department of Cardiology, New Delhi (4); Varma, Sudhir, 

Sadbhavna Medical and Heart Institute, Patiala (7). 

Italy 

Ardissino, Diego, Azienda Ospedaliero-Universitaria di Parma, Parma (47); Bobbio, Marco, Azienda 

Ospedaliera S.Croce e Carle, Cuneo (7); Bongo, Angelo S, Azienda Ospedaliera Maggiore della 

Carità, Novara (32); Cipollone, Francesco, Mezzetti, Andrea (FPI), Fondazione G. D'Annunzio-Centro 

Studi sull'Invecchiamento (Ce.S.I.), Chieti (32); Colivicchi, Furio, Santini, Massimo (FPI), Azienda 

Ospedaliera San Filippo Neri, Roma (24); Esposito, Giovanni, Chiariello, Massimo (FPI), Università 

degli Studi di Napoli Federico II, Dipartimento di medicina clinica, Napoli (15); Marzilli, Mario, 

Azienda Ospedaliero-Universitaria Pisana Ospedale di Cisanello, Pisa (19); Merlini, Piera, Ospedale 

Niguarda Ca' Granda - Dipartimento De Gasperis, Milano (28); Moretti, Luciano, Presidio 

Ospedaliero C.G. Mazzoni, Ascoli Piceno (25); Olivari, Zoran, Ospedale S. Maria di Ca' Foncello, 

Struttura Complessa di Cardiologia- Presidio Ospedaliero di Treviso, Treviso (13); Patrizi, Giampiero, 

Ospedale "B. Ramazzini", Carpi (5); Valgimigli, Marco, Azienda Ospedaliera-Universitaria 

Arcispedale S.Anna di Ferrara, Ferrara (9). 

Japan 

Amemiya, Hiroshi, Hayama Heart Center, Kanagawa (23); Ando, Kenji, Iwabuchi, Masashi (FPI), 

Kokura Memorial Hospital, Fukuoka (3); Endo, Masahiro, Nagashima, Hirotaka (FPI), Tokyo Heart 

Center, Tokyo (18); Kametani, Ryosuke, Nagoya Tokushukai General Hospital, Aichi (7); Koike, 

Akihiro, National Hospital Organization Fukuoka-Higashi Medical Center, Fukuoka (8); Kuramochi, 

Takehiko, Chibanishi General Hospital, Chiba (20); Nakamura, Yuichiro, Nakamura Cardiovascular 

Clinic, Fukuoka (17); Oku, Koji, National Hospital Organization Nagasaki Medical Center, Nagasaki 

(18); Okutsu, Masaaki, Nozaki Tokushukai Hospital, Osaka (20); Sueyoshi, Atsushi, Uji Tokushukai 

Hospital, Kyoto (30); Takahashi, Wataru, Sasaki, Yasuyuki (FPI), National Hospital Organization 

Shinshu Ueda Medical Center, Nagano (16); Tanabe, Jun, National Hospital Organization Shizuoka 

Medical Center, Shizuoka (5); Tanaka, Hideki, Kashima, Katsuro (FPI), National Hospital 

Organization Kagoshima Medical Center, Kagoshima (16); Tanaka, Yutaka, Takeshita, Satoshi (FPI), 

Shonan Kamakura General Hospital, Kanagawa (23); Teranishi, Junichi, Betsuyaku, Tetsuo (FPI), 

National Hospital Organization Hokkaido Medical Center, Hokkaido (24); Yamamoto, Takashi, Shiga 

University of Medical Science Hospital, Shiga (19); Yamazaki, Seiji, Sapporo Higashi Tokushukai 

Hospital, Hokkaido (20); Yano, Shoji, Oita city Medical Association's ALMEIDA Memorial Hospital, 

Oita (11); Yoshida, Kazuro, National Hospital Organization Nagasaki Kawatana Medical Center, 

Nagasaki (20). 

Korea 

Chae, Jei-Keon, Chonbuk National University Hospital, Jeonju-si, Jeollabuk-Do (8); Chae, Shung- 



Chull, Kyungpook National University Hospital, Dae-Gu (28); Cho, Myeong-Chan, Chungbuk 

National University Hospital, Cheongju (53); Choi, Dong-Hoon, Yonsei University Health System, 

Seoul (22); Choi, Dong-Ju, Seoul National University Bundang Hospital, Seongnam-si Gyeonggi-do 
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